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Electric Utilities establish transmission line parameters based 
upon a number of economic and engineering considerations. It is assumed 
by the Utilities that once voltage, conductor size, conductor cone 
‘figuration, and the like are determined there will be available the 
mechanical means for carrying out the plans so made. 


it is well recognized that as transmission ce voltages increase 
the mechanical features of construction must be modified to allow for 
special problems occurring at higher voltages. Such i cebend inciude 
losses due to corona and radio noise ass ociated with the corona dis- 


charge 9 


In its high voltaye work Hethea Company has aimed at developir Hg 
for the ‘ilities the most ecenomical soenen fias assemblies that wiii 


- fulfill the requirements which the Utility has established for 4 parti- 


cular circumstance, 


in 34S investi ined to fully i nvestio 
gate its helief that most high voltage susper assemblies used in 
the past were overly elanorate and subject t6 the various. mechanical 
problems, such as vibration failure, associated with overly elaborate 
devices. Therefore, pethed Colney commenced its work determined to 
begin in each case with the simplest types of devices and pregress to 
more slaborate devices only wen test results demanded it. 


dations Bethnes Company detexm 
re 


As a ecalt of its Ptudy Hethea Compa ny has determined that very 
simple devices will give excellent results. In addition it has been 
determined that in many instances no special suspensien devices are 

required if reaconable care is followed in the design of standard 
preston assembly components . . 


PROCED WIRE 
CMTE TERMS TT. RD 


it was determined that in each case the most direct approach 
would be te test full scale unshielded assemblies and then to pro= 
gressively modify these assemblies as the test: progressed.  Unsuccess¢= 
ful or unbeneficial modifications were eliminated as test results 
indicated. | 


in every case tubiag of appropriate size was used to simulate the 
field of the conductor with its armor. Various sumbers of insulators _ 
and various types of assemblies were tested as indicated in the results. 


Only those results of immediate interes! are Shown. Those shown 
represent only a ba tion of the tests run. The balance either represent - 
unsuccessful designs or mcees which are cantinuing. | | | 


a All tests were conducted under the conditions spelied out in NEMA} 
107 except that a J407 micro micro farad capacitor was used for practical 
beasons instead of the 2500 micro nicra faracd capacitor. Work by others 


meas thea + 5 s ae eee : ve 
hak shown that such a substitution weuld introduce no serious errors, 
"Tas L eS 2 . 2 eet Poa 9 : Yen Pas ; 3 7 ze : > a w 
v@e Siblicgrapny, Reference No, 6. ; 


ALL tests were conducted at either Mississicsi State University 
ch ges f ids Near Sig x2 Yoo i sy GPU es age ‘ eg wi eye py OP, SR, yea MY : ‘ : 1 & # eS, 
ie susrewille, Mississipoi or at General Electric Company in Baltimore, 


Pa a 
OF wt ke: saa! 


eo Maryland, There was excellent correlation between resulis obtained at 


the two different test locations, In work by others a goed agreement be- 
tween Laboratery test data and field test data has been found. See 
Bibliography, Reference No. 4. ah 


In ali cases the data was plotted without attempt to adjust for 
background radio noise attributable to the test equipment. This was cone 
in the absence of any accepted mathematical means of making suth an 
adjustment. In actual fact, however, ir some cases the limiting factor 
was che critical voltage of the test equipment and not the assembly being 
tested. ‘Such cases will be reinvestigated upon further modification of | 
the test equipment. | : 


a 


see Appendix Ii for curcuit diagram and typical physical set up. 
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i, Corona Limitations. 


| it was assumed that visible coroné discharge from the suspension 
hardware was not critical in itself except as it related to radio noise. 
However, it was felt that vigible corona around the insulator pins would 

© oe disqualifying due to the belief that such corone will accelerate 

* eerrosion in the highly stressed insulator oin area. Therefore on each 

curve an "X" will indicate the voltage at which visible insulator corons 
occurs. Where no "X" is shown no visible corona occurred on the insu- a 
Lators within the range of the curve shown, 


2, Radio Noise Limitations, 


In the absence of any established maximum accepteble radie noise 
Level it is necessary to decide more or less erbitrariiy what the maxiaum 
aoise level shall be for a suspension assembly. ‘Tt is the Opinion of .. 
sethea Company that a limit of 100 micrevolts is 4 conservative level 
for safe operation. This noise level should give suspension assemblies 
with performance superior to many high voltage lines now in Satisfactory 
operation as has been determined by laboratory testing of assemblies 
tnat are duplicates of those now on the line. A geod example of such a 
relationship may be found in Bibliography Reference No. 4 although the 
geographical conditions shown in that veference might not be typical for 
ali utilities. Our tests have indicated that a measured noise level on 
tne suspension assemblies in the referenced instaliation might be ex- 
pected to be in the neighborhood of 150 ~ 175 microvolts yet operation 
has been satisfactory. | | | : 


S Js Altitude Effect. 


iy 4 myn " her pL “ z re h- Pp , % se% . wht y AN. Rox: » baie Sy ‘ m 
| NO av tempt is made onthe graphs to adjust for altitude effects. A 
| | . j : ; 
es re fe \ nie < r 30:0 1 oP 4 : . «}e. ‘! ; . 4 ce a I D h Ne 4 mt n $ . “ee Pe fe, SR ‘“ A : * ‘ . oe " 
MAGLo, FOP such adjustments may be Found in the reports on Leadville Pra. 
Pe Bike 8p Ait cA v % 4 2 eae ; ; % % ies ye sph 1 E ‘ . A 
gees, HiOLiography, Reference 5, : 


No attempt has been made to adjust data for weather effect since 
expezience would indicate that a maximum acceptable radio noise level 
of 100 microvolts in the laboratory would Give satisfactory results 
om the line under conditions of inclement weather. See Bibliography, 


Reference No. 4. 


Je Technical Responsibility 


AS noted, these tests were performed at Mississippi State University 


amd General Electric Company in Baltimore. However, all plotting, correlation, 


and interpretation of data is by Bethea Company and represents solely the 
Opinions of that company. | , 


This data is divided generally into sections as follows: 


<= 


1a) 


itt. 


ive 


Chart V ~ Subs titution of Spherical nuts for reg 


be 
te 
: Chart VIf - Addition of sonerical nuts and sr 


DATS SECT ION 


“FOREWO =. | a 


Ld 


Variations in Unshielded Siepe oir Assemblies ~ Single 
String insulators. | oo) 


- Variations in conductor sizes - Single Conductor. 


Chart I 
Chart IIT ~ Variations in conductor sizes ~ Two Conductor Bundle. 
Chart IIi - Variations in number of conductors and in number of 


insulators. 
Chazt IV ~- Variatiens in number of insulators - Single Conductor. 


ad 


Results of ; adding ple Shielding and Grading Devices ie yo 


String Insulators 


_ ©m suspension clamps - Single Conductor. : 
Chart Vi - Substitution of spherical muts fer reguler hex nuts 
en suspension clamps - Two Conductor dle 


a Two Conductor Bundle. 


Chart Witt - Addition of spherical nuts and sgherical shields on 


a Sindle Conductor. 


investigation of “V" String Suspension Assemblies. 


Chart IX = Addition of spherical nuts and spherical shields to 


"y" string suspension assembly - Two Conductor Bundle ~ 
1 3fa" Conductor. 


Chart xX ~ Addition of spherical nuts and spherical shields to *y" 
string suspension assembly - Two Conductor Bundle = | 
2 1/4" Conductor. 


“Bibliography and Circuit Diagrams. 


ecial Note: There was no absolute basis for the right or wrong 


number of insulators to use in the various tests tt was initially 


decided to use the approximate number of insulatoze whicn a customer 
might use for the most probable voltage class for a poeeicuiae 
assembly. Some of the assemblies tested oe better then 

Was anticipated in Setting aD tne test Secuence gio s' pac lt SOmMe 
of the assemblies, . for absolutely ootimum eeuue ehouid be retested 
With a eeee ter number of insulators. For exemple, tna assembly in 
Chart VII with 16 insulators and the assembly in Chart VIII with 20 


insulators both tested satisfactorily at a level well ity excess of 


that originally anticipated ang are actually handicapped by the 
elatively Small number of insulators used. 
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Se ae At A 


: petnea COMpanhy Tecommends that the Gata IMCLUGEC LA THis ke 
ie ; 5p (Ot ry ous Gy sees E> PX) 2 fas ps Ce q Ad a aed “— oe on ee ee 3, ats ind ie ex 2 sm mM Gr Lr 7 er hie :h Dy eft ; e ey th f 
be USSO aS a Generart guide only ana that Speci GLE AaASSOmviLe@sS OG LeStedc 
4 
ot, 


where this data is not directly applicable to the assemoiy ii question. 


We will be nappy to cooperate in any such tests required. 


NOTE: The spherical nuts and spherical shield assemblies used in these 


tests are covered by pending patent applications. 
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S All RIV Curves in this felder are plotted on plain Linear 

a graph paper, Many equivalent curves found in the literature are 
plotted on Semi-eLogarithmic graph paper. The physical appearance 
of the same curve plotted on the two types of paper will be very 
different and casual comparisons of curves should take this into 
account. Bethea Company feels thet the linear plotting of RIV 
Curves more truly depicts the abrupt increase in RIV at the 
critical voltage than does the use of Semi-Logarithmic Scales. 

Shown below are identical curves plotted to the tao different 

scales 
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NOTE 


Charts IX#A, IX=-B, and x represent tests on "V" 
String Assemblies. In some instances, as shown on the 
data, insulators were attached to the yoke with "y" 
Socket-Clevises. In other instances connections were 
made with standard socket-clevises. The difference in 
perfoxmance between these two types of fittings is very 


marked and should be taken into account in planning. 
Each chart shows in red the type fitting used. 


CHART I 
HADI INFLUENCE VOLTAGE CHARACTERISTICS | a 
\E 


SUSPE NSTO:! N ASSEMBLIES 
(Unshiel ded & Single Conductor) 


e | | INS JLATORS: 16 - 10” x 5" Socket Type Suspension 


CURVE As 
CLAMP: Standard AWe 10-§ 
CONDUCTOR: 2 1/4" 0.D. Tubular (Equivalent 954 = 
| 54/7 ACSR with tapered rods) 
CURVE Be 


CLAMP: Standard LS-9-S a 
| CONDUCTOR: 2" O.D. Tubular , Sea 
CURVE C: | | = 
CLAMP: Standard LS=7-S_ | a 
CONDUCTOR: 1 3/4" 0.D, Tuhilar | by 
: es ey 
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S APPLIED VOLTAGE (kv) 


NOTE: The apparent discrepancy in position of Curve "B" was due to 

xcessively long U-Bolts in the clamp. Corona started on exposed U-Bolt 
threads at a very low level. There was less than 1/4" ide threads 
fer Curves "A" and "ich, 3 
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SUSE NSTON ASSEMBT, TES Ne. 
{Unshielded Bundled Conductor). 
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CONTNICTOR : 


120 agrrs 
208 242 
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Z2d7 


20 2 JO*® x 35® Suspension In eilators 


Stendard LS=7-C | 
Two 1 3/4" Horizontal Tubular Bundle 18" Spacing. 


Standard AG 1020 . 
Two 2 1/4" Horizontal Tubular Bundle 18° Spacing. 
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CHART LIT 


» RADIC INFLUENCE VOLTAGE CHARACTERISTICS 
2 Oo le 
SUSPENSION ASSEMBLIES 
ceils ae Bundle Conductors) 


—-_ 


INSULATORS: (See Below) SER #TTACHED SHEET 
: 7 FOR TEST DIAGRAMS. 

CURVE As INSULATORS e 16 = 10" »% 5" Susoension 

: Co LAMP 3 Standard LSeTeS 

CONDUCTOR: 1 3/4" ©.D. Tubular (SINGLE CONDUCTOR) 


LAMPS s Two Standard LS-7-C 
INSULATORS 20 16" x 5" Suspension 
VONDUCTOR: Two I 3/4" Horizontal Tubular 18" Spacing. 


C2 
e323 


CURVE 
CLAMPS 3 Three Standard Loe TeG 
INSULATORS :26 = IO" x ye ou spen slot 
CONDUCTORS: Three ] 3/é 1" Trianoular Tubular with Ja" 
| ‘Equilateral Spacina. 


CLAMPS: Four Standard LS=7-C 
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oo. a CHART. DA 
RADIO INE -LUENCE VOLTAGE CHARACTERISTICS 
OF 
e a | SUSPENSION ASSEMBLIES 
| ("y" String Bundle And Large Spherical. Shields) 
CLAMPS: = L SFC 
INSULATORS: 20- 10" x 5 3/4% Suspension 
CONDUCTORS: Two 1 3/4" Tubular Horizontat Bundle 18" pacing. 
CURVE A: platn Clamps No Shielding 


CURVE Bs Plain Clamps with 1 3/4" Dia. Soherical Nuts and one 6® 
ae spherical Shield Between Insulators. 


CURVE Ce: Same as B except 6" soherical Shields Aliso attaches to 
ends of Yoke Plate. 


SEE ATTACHED SHEET 
FOR TEST DIAGKRAMS. 
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CHART IX-B 
RADIO. INFLUENCE VOLTAGE CHARACTERISTICS 
“OF 


| SUSPENSION ASSEMBLIES 
(aye String Bundle and Large Spherical eee 


CLAMPS:  ——-—« LS-7-C 
INSULATORS: Sixteen 10° x 5 3/4" Suspension 
CONDUCTORS: Two 1 3/4" Tubular Horizontal Bundle 18” spacing 


CURVE As Plain clamps, no shieiding 

CURVE B: Plain clamps with 1 3/4" diameter Spherical Nuts 
. end one 6" Spherical Shield between insulators 

CURVE C: Same as "B" except 6" Spherical Shields also 


attached to ends of Yoke Plate 


SEE ATTACHED SHEET FOR TEST DIAGRAMS 
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RADIO INFLUENCE VOLTAGE CHARACTERISTICS - : 
Lor | 
eo ©] | SUSPENSION ASSEMBLIES 
CLAMP ; AST-1O-C “oy | 
_ INSULATORS: Twenty 10" x 3°3/4" Suspension es 
CONDUCTORS: Two 2 1/4" Tubular Norizontal Bundle 18" Spacing 
| CURVE A: Plain clamp, no shielding . 
CURVE B: Plein clamps with 1 3/4" diameter Spherical Nuts | 3 
: and one 6" Spherical Shield between insulators > 
CURVE C: Same as. "B" except Spherical Shields also atiached is 


to ends of Yoke Plate 


SEE ATTACHED SHEET FOR TEST DIAGRAMS 
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